Fractionation of highly purified staphylococcal delta hemolysin by sucrose density gradient centrifugation, Sephadex G-150 and Bio-Gel A-5m gel filtration, carboxymethyl cellulose chromatography, and isoelectric focusing failed to separate the hemolytic, protoplast-lysing, and spheroplast-lysing activities of the preparation. The activities were reduced to a similar extent when delta hemolysin was treated with any of several phospholipids. The same was true when serum or proteolytic enzymes were used as inactivating agents. Cholesterol had no effect. The activities resisted heating at 80 C for 1 hr and were stable for at least 7 days at 5 C in 0.1 N sodium hydroxide, 0.1 N acetic acid, 6 M guanidine hydrochloride, 8 M urea, and 0.1 %, sodium lauryl sulfate.
plasts and spheroplasts. Additional studies (2) strongly suggested that the protoplast-lysing and spheroplast-lysing activities of alpha toxin preparations were due to contamination with staphylococcal delta hemolysin. Partially purified delta hemolysin (2, 5) and highly purified (6) delta hemolysin were subsequently found to disrupt various bacterial protoplasts and spheroplasts. In this report we present evidence showing that the protoplast-lysing and spheroplast-lysing activities present in a highly purified preparation of delta lysin are a function of delta lysin rather than a contaminating staphylococcal product.
MATERIALS AND METHODS Delta hemolysin. Highly purified "soluble" delta hemolysin was obtained as previously reported (6) .
Hemolytic activity. Hemolytic activity was estimated as described for alpha hemolysin (3) , with the exceptions that washed horse erythrocytes were used instead of rabbit erythrocytes and bovine serum albumin was not added to the buffer.
Protoplast-and spheroplast-lysing activity. Sarcina lutea and Bacillus megaterium KM protoplasts were prepared with lysozyme, and Escherichia coli W spheroplasts were prepared with Iysozyme and ethylenediaminetetraacetic acid (EDTA) as described earlier (4). Activity was determined by incubating the protoplast or spheroplast suspension (1 ml) with dilutions of the delta lysin (I ml, in the protoplast-or spheroplast-suspending buffer) for 30 min at 37 C, followed by reading the optical density of the suspension at 500 nm. One unit of protoplast-or spheroplastlysing activity was the reciprocal of the dilution which produced a half-maximal decrease in optical density of the reaction mixture. The optical density at zero time was approximately 0.5.
Fractionations. Highly purified delta hemolysin was fractionated by sucrose density gradient centrifugation, Sephadex G-150 and Bio-Gel A-Sm gel filtration, carboxymethyl (CM) cellulose chromatography, and isoelectric focusing as previously described (6) , and the fractions were assayed for hemolytic, protoplastlysing, and spheroplast-lysing activity.
Inactivation and stability studies. Delta lysin was exposed to heat, various phospholipids, normal sera, and proteolytic enzymes as previously reported (6) and assayed for hemolytic, protoplast-lysing, and spheroplast-lysing activity. Activities were also determined after dissolving the lysin in 0.1 M acetate (pH 5), 0.1 M phosphate (pH 6 and 7), 0.1 M tris-(hydroxymethyl)aminomethane (Tris)-hydrochloride (pH 8), 0.1 M carbonate (pH 9), 0.1 N sodium hydroxide, 0.1 N acetic acid, 6 M guanidine hydrochloride in 0.05 M phosphate buffer (pH 7), 8 M urea in 0.05 M phosphate buffer (pH 7), and 0.1% sodium lauryl sulfate in 0.05 M Tris-hydrochloride buffer (pH 7), and letting the solutions remain at 5 C for 7 days.
RESULTS
Fractionation studies. The hemolytic and S. lutea protoplast-lysing activities sedimented in a sucrose density gradient as one broad peak trailing toward the top of the gradient (Fig. 1) .
The activities eluted in parallel from Sephadex G-150 (Fig. 2) as a void volume peak trailing almost the entire length of the column and from Bio-Gel A-Sm ( Fig. 3) as two peaks; one peak eluting slightly after the void volume.
Both activities migrated as a unit during isoelectric focusing (Fig. 4) . Two (Fig. 5) . About 20% of the input activities did not adsorb to the column, and approximately 70% of the adsorbed activities were eluted.
In short, none of the fractionation procedures separated the hemolytic and S. lutea protoplastlysing activities of delta lysin. Similar results were obtained with B. megaterium KM protoplasts and E. coli W spheroplasts.
Inactivation and stability studies. Phosphatidylcholine (3,g), phosphatidylserine (3,ug) , phos- Lysinz (50 mg) was applied to a column phatidylinositol (6 m.g), phosphatidylethanolamine (12,ug), diphosphatidylglycerol (6 Mg), sphingomyelin (12 Mug), and 5 ,uliters of horse, human, or rabbit serum completely inhibited 3 units of hemolytic and S. lutea protoplast-lysing activity. One milligram of cholesterol had no effect on either biological property.
One hundred micrograms of trypsin, Pronase, 
DISCUSSION
The three groups of experimental results presented in this paper support the idea that the ability of delta hemolysin preparations to disrupt bacterial protoplasts and spheroplasts is due to delta lysin and not to a contaminating staphylococcal product. First, the hemolytic, protoplastlysing, and spheroplast-lysing activities were inseparable when delta lysin was fractionated by density gradient centrifugation, gel filtration, CM cellulose chromatography, and isoelectric focusing. Second, the activities were inhibited or destroyed in parallel by phospholipids, normal sera, and proteolytic enzymes but were not affected by cholesterol. Third, the activities were relatively resistant to heat inactivation and were stable at low and high pH and in guanidine hydrochloride, urea, and sodium lauryl sulfate solutions.
Delta lysin has been observed (6) to exist in two states: an acidic fibrous form and a basic granular form separable from one another by isoelectric focusing and by gel filtration. The results of the fractionation studies reported in this paper indicate that both forms have similar ratios of hemolytic to protoplast-and spheroplast-lysing activity.
